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ABSTRACT 
This study aimed to evaluate long term air pollution trends in Brisbane, Australia, 
between 1980 and 2003. We obtained air pollution data recorded at the two 
monitoring sites (Eagle Farm and Rocklea) from the Queensland Environmental 
Protection Agency. Graphical and polynomial regression analyses were carried out 
on daily maximum 1-hour average or daily 24-hour average concentrations of NO2, 
O3, and PM10. The results show that there were significant up-and-down features for 
NO2 and O3 concentrations in both sites during 1980–1993 whereas a similar trend 
was observed with PM10 concentrations in Rocklea during 1985–1993. However, 
NO2 concentrations were stable for both sites in recent years and a similar trend was 
observed with O3 and PM10 concentrations for both sites during 1994–2003. Annual 
average of daily 24-hour PM10, NO2 and O3 concentrations fluctuated from 15.6 to 
38.7μg m-3, 6.0 to 16.1ppb and 7.9 to 16.3ppb for Rocklea; from 17.5 to 29.7μg m-3, 
8.9 to 14.9ppb and 11.8 to 18.2ppb for Eagle Farm during the study period, 
respectively. Annual average daily maximum 1- hour NO2 and O3 fluctuated from 
15.5 to 31.8ppb and 18.3 to 37.0ppb for Rocklea; from 20.0 to 31.8ppb and 23.4 to 
35.1ppb for Eagle Farm during the study period, respectively. For all the target 
compounds, Rocklea recorded a substantially higher number of days with 
concentrations above the relevant daily maximum 1-hour or 24-hour standards than 
that in Eagle Farm. 
 
INTRODUCTION 
 
Brisbane, the capital of Queensland, is the fastest growing city in Australia. With a 
population of 1.6 million people, it is Australia’s third largest city after Sydney and 
Melbourne (Wikipedia, 2005). With predominantly hot summers and mild winters, the 
Brisbane climate suits outdoor activities with a sub-tropical lifestyle. The air we 
breathe is a mixture of gases and small solid and liquid particles. Some of the 
substances come from natural sources, while others are caused by human activities 
such as the use of motor vehicles, industry, domestic activities, and business. 
Air pollution occurs when the air contains substances in quantities that could harm 
the comfort or health of humans and animals, or could damage plants or materials 
(QEPA, 2005). These air pollutants can be either particles, liquids or gas. Air 
pollution is one of the major health hazards in metropolitan cities world wide. 
Like many other developed countries in the world, the Australian government has 
paid a great deal of attention to air pollution over the past decades. In 1976, the 
Queensland Environmental Protection Agency (QEPA) established a network of air 
quality monitoring stations in South East Queensland. Thirteen monitoring sites are 
located in inner city, rural, industrial and residential areas. The current air quality 
monitoring stations are monitoring a range of air pollutants including carbon 
monoxide (CO), nitrogen dioxide (NO2), ozone (O3), sulphur dioxide (SO2), airborne 
particulate matter with diameter ≤ 10μm (PM10) and ≤ 2.5μm (PM2.5), as well as 
visibility reduction. Air pollution causes a variety of health problems. It has been 
ranked as one of the top ten causes of the global burden of disease and injury by the 
World Health Organization (Murray and Lopez, 1996). Many studies have 
investigated the health impacts of air pollution in Australia and overseas (Morgan et 
al 1998a, 1998b; Chan et al 1997; Simpson et al 1997, 2000; Denison et al 2001; 
Petroeschevsky et al 2001; Kan and Chen 2003; Yang et al 2004; Howie et al 2005 
and Krewski et al 2005). There are however, limited empirical data available on the 
spatial variation in the long term trends of air pollution in metropolitan areas (Kuebler 
et al 2001; Wise and Comrie 2005; Chen et al 2004 and Jo et al 2000). 
 
DATA COLLECTION AND ANALYSIS 
 
The data presented in this study were collected from two major air pollutant 
monitoring sites in Brisbane (Figure 1). As these sites are among the earliest 
established in south-east Queensland, they have the most complete air pollutants 
records (QEPA, 2003): 
 
1) Eagle Farm is located 8 km east of the Brisbane Central Business District (CBD) 
and is in a light industrial area (latitude - 27.4381, longitude 153.0794). Pollutants 
monitored included O3, NO2, SO2, PM10 and visibility-reducing particles. 
 
2) Rocklea is located 14 km south of the Brisbane CBD and is in a light industrial and 
residential area (latitude -27.5434, longitude 152.9986). Pollutants monitored 
included O3, NO2, PM10, PM2.5 and visibility-reducing particles. The Rocklea 
monitoring site moved from a roadside location to an open paddock in 1992. 
 
The data comprising daily maximum 1-hour and 24-hour average concentrations of 
NO2, O3, and PM10 were recorded at both Eagle Farm and Rocklea monitoring 
sites. We used the daily data on NO2 and O3 from 1980 to 2003 for both sites; PM10 
data from 1994 to 2003 (once per six days recorded between 2 May 1994 and 29 
January 1998, daily recorded after 1 February 1998) in Eagle Farm; and from 1986 to 
2003 (once per six days record between 26 January 1986 and 10 March 1996, daily 
record after 14 March 1996) in Rocklea. To examine the pattern of temporal 
variation, observation values were averaged each year during the study period. 
The following months were selected for each season: summer: December–February; 
autumn: March–May; winter: June–August and spring: September–November. 
Statistical analyses were carried out on daily maximum 1-hour or daily 24-hour 
average concentrations for NO2, O3, and daily 24-hour average for PM10. Spearman 
rank-order correlations between air pollutants (i.e. NO2, O3, and PM10) were 
calculated after outliers were removed (Kuzma 1992). The outliers were defined as 
those values outside the mean ± 3SD (standard deviation). A polynomial regression 
model was used to fit the annual average of air pollution trends. In order to identify 
the most suitable model to reflect the trends of all air pollutants over the study period, 
a variety of polynomial regression models were examined. 
 
RESULTS AND DISCUSSION 
 
NO2 
 
The annual and seasonal average of the daily maximum 1-hour and 24-hour average 
NO2 concentrations in Eagle Farm and Rocklea were displayed in Figures 2A, 2B 
and 3A, respectively. It was observed that the levels of NO2 showed no significant 
change for recent years, with more significant up-and-down features in other periods 
in both sites (Figures 2A and 2B). The annual average levels of daily maximum 1-
hour and 24-hour average NO2 concentrations fluctuated from 15.5 to 31.8ppb and 
from 6.0 to 16.1ppb during 1980–2003 in Eagle Farm and Rocklea stations, 
respectively. The overall seasonal pattern of daily maximum 1-hour NO2 
concentrations was similar to that of daily 24-hour average NO2 concentrations in 
both sites. They all increased during the winter with the peak between July and 
August (30.1–33.3ppb for the daily maximum 1-hour and 14.2 – 16.0ppb for 24-hour), 
and declined gradually with the lowest concentrations recorded between January and 
February during the summer (14.7–16.4ppb for the daily maximum 1-hour and 6.9–
7.1ppb for 24-hour) (Figure 3A). The trends of NO2 concentrations were fitted using 
the polynomial regression model (Figures 2A and 2B). The R-squared values were 
0.61 and 0.35 for daily maximum 1-hour and 24-hour average NO2 concentrations in 
Eagle Farm site; 0.79 and 0.86 in Rocklea site, respectively. This regression model 
was the most suitable for describing the long-term trends of NO2 comparing with 
other models (e.g. logarithmic, exponential or lower order in polynomial regression) 
for both sites (Table 1). Nitrogen oxides (NOx) analysers report NO2 as the 
difference between total nitrogen oxides and nitric oxide which requires splitting the 
sample stream in two and passing one stream through a reduction catalyst. The 
more sophisticated instruments which were introduced to the air monitoring network 
in 1994 are able to record NO2 levels with less error and inter-annual fluctuations in 
observed NO2 concentrations has been reduced. A downward trend in NO2 levels at 
both Eagle Farm and Rocklea occurred during the 1990s with a slight upward trend 
developing since 2000.  
 
O3 
 
The levels of the annual average of daily maximum 1-hour and 24-hour average O3 
concentrations in Eagle Farm and Rocklea were displayed in Figures 2C and 2D, 
respectively. It was puzzling to note that the concentration of O3 slumped around 
1990, more markedly at Rocklea, but steadily increased since then. Rainfall was 
above average in 1991 and consequent reductions in bushfire episodes may have 
reduced the levels of precursors for O3 formation. There were   frequent bushfires 
events in 1996 and again in 2002-3 and this seems to be reflected in observed O3 
concentrations, particularly at the more inland site, Rocklea. Prior to 1992, O3 
concentrations at Rocklea were usually lower than those at Eagle Farm but in recent 
years higher concentrations have been observed at Rocklea. This may be due to 
moving the Rocklea monitoring station from a roadside location to an open paddock. 
During the study period, the annual average values of daily maximum 1-hour and 
24-hour average O3 concentrations fluctuated from 18.3 to 37.0ppb and from 7.9 to 
16.3ppb in Rocklea, respectively (Figure 2D). The trends of O3 concentrations were 
also fitted using polynomial regression model. The R-squared values were 0.69 and 
0.63 for daily maximum 1-hour and 24-hour O3 concentrations in Rocklea, 
respectively (Table 1). When compared with Rocklea, no increasing level of annual 
average was observed for both daily maximum 1-hour and 24-hour O3 
concentrations in Eagle Farm, which fluctuated between 1980 and 1995 (Figure 2C). 
The annual average values of daily maximum 1-hour and 24-hour average 
O3 concentrations fluctuated from 23.4 to 35.1ppb and from 11.8 to 18.2ppb in Eagle 
Farm, respectively. The R-squared values of annual average trends were 0.32 and 
0.45 for daily maximum1-hour and 24-hour O3 concentrations, respectively (Table 1). 
The seasonal (monthly) averages of the daily maximum 1-hour and 24-hour mean for 
O3 concentrations were similar at two stations (Figure 3B). There were also 
differences between the seasons. The daily maximum 1-hour and 24-hour mean 
O3 concentrations slowly increased during the late winter and spring, with their peak 
attained between September and October (34.5–35.1ppb for the daily maximum 
1-hour and 15.3–19.2ppb for 24-hour mean). The values then decreased gradually 
with the lowest concentrations being recorded between May and June for both sites, 
(24.5–26.4ppb for maximum 1-hour and 9.8–11.0ppb for 24-hour mean). 
Photochemical smog is formed by reactions involving NOx, volatile organic 
compounds and sunlight. O3 is a major component of this smog and is used as an 
indicator. Most (but not all) O3 events have occurred when there is bushfire smoke 
present. Other events have occurred on meteorologically conducive days fuelled only 
by normal urban precursors. The presence of reactive hydrocarbons in the 
atmosphere can speed up the photochemical reactions. The government has 
recently sought to reduce evaporative emissions of hydrocarbons by requiring lower 
vapour pressure of petrol sold in Brisbane during the summer months. 
 
PM10 
 
PM10 particles are generated by a wide range of natural processes and human 
activities, including windblown dust, industrial processes, motor vehicle emissions 
and bushfires around Brisbane (QEPA, 2005). The annual average of the daily 24-
hour PM10 concentrations showed a well-defined decrease in Rocklea over the study 
period, except for some fluctuations in 1991, 1994 and 2002. The values of the daily 
24-hour PM10 concentrations varied from 15.6 to 38.7μg m-3 in Rocklea (Figure 
2F). The R-squared value of annual average trend was 0.92 for the daily 24-hour 
PM10 concentrations in Rocklea (Table 1). In Eagle Farm, PM10 gradually 
decreased from 1994 to 1997 and then levelled off although there were fluctuations. 
The daily 24-hour PM10 concentrations ranged from 17.5 to 29.7μg m-3 (Figure 2E). 
The R-squared value of annual average trend was also 0.92 for the daily 24-hour 
PM10 concentrations in Eagle Farm. Therefore this model was the most reliable for 
the daily 24-hour PM10 concentrations in both sites (Table 1). The seasonal 
(monthly) averages of daily 24-hour mean PM10 concentrations show the similar 
pattern in two sites (Figure 3C). They both gradually increased during the winter and 
spring, with the peak between September and October (22.5–25.9μg m-3), and then 
decreased gradually with the lowest concentrations being recorded in April (16.5–
16.7μg m-3). 
 
NEPM standards 
 
The days that the maximum 1-hour NO2 and O3, and 24-hour average PM10 
concentrations exceeded the National Environment Protection Measure (NEPM) for 
Ambient Air Quality standards are shown in Figure 4. The standard of the NEPM is 
120ppb for the daily maximum 1-hour NO2 concentrations. This standard was 
exceeded once at Eagle Farm (122ppb on 1/07/1983), and four times at Rocklea (the 
highset value was 160ppb on 1/07/1986). The NO2 levels measured in recent years 
have been well below the NEPM standard (Figures 4A and 4B). For the daily 
maximum1-hour concentrations in Rocklea, the values of O3 exceeded the 1-h 
NEPM standard of 100ppb fifteen times (the highset values were 135ppb on 
3/12/1996 and 5/03/1999) (Figure 4D). At Eagle Farm, only five daily maximum 1-
hour O3 records exceeded the 1-h standard of 100ppb (the highset value: 145ppb on 
19/01/1989) (Figure 4C). In addition, 31 records of the daily 24-hour PM10 exceeded 
the 50μg m-3 NEPM standard (the highset value was 146.7μg m-3 on 23/10/2002) in 
Eagle Farm, and 43 in Rocklea (the highset value was 177.2μg m-3 on 23/10/2002) 
over the observed period (Figures 4E and 4F). Excesses of the NEPM standard for 
O3 occurred occasionally, usually when suitable weather conditions coincided with 
extra emissions from bushfires. However, with an increase in urban growth and 
motor vehicle use, the number of days with high NO2 levels and photochemical smog 
could become more frequent. A dust storm passed over the east coast of Australia 
during 23-24 October 2002. This has caused excesses of the NEPM standard for 
PM10 during this period. The frequency (i.e. percentage) was determined by 
calculating the total number of days with concentrations exceeding the relevant 
standard over the total number of sample days during the specified time period. 
Table 2 shows the frequencies of daily maximum 1-hour NO2 and O3 concentrations 
were 0.01% and 0.06% in Eagle Farm; 0.05% and 0.18% in Rocklea. 
The frequencies of daily 24-hour PM10 concentrations were 1.33% in Eagle Farm 
and 1.32% in Rocklea, respectively. Therefore, Rocklea recorded a substantially 
higher frequency of days with concentrations above the relevant daily maximum1-
hour standards compared to Eagle Farm for NO2 and O3 target compounds, while 
the frequency for 24-hour PM10 concentrations was similar in two sites. 
 
RELATIONSHIP BETWEEN POLLUTANTS AND BETWEEN SITES 
 
Table 3 shows a high degree of correlation between the daily maximum1-hour and 
24-hour concentrations of NO2 (rs= 0.88 – 0.89); and O3 (rs= 0.67 - 0.75) at both 
sites. Daily 24-hour PM10 concentrations were weakly associated with the daily 
maximum 1-hour and 24-hour concentrations of NO2 (rs= 0.30–0.41) and with the 
daily maximum 1-hour concentrations of O3 (rs= 0.21–0.25) in two sites (Table 3). 
The daily 24-hour and maximum 1-hour concentrations of NO2 show a weaker 
correlation with the daily maximum 1-hour concentrations of O3 (rs= 0.12 and 0.18, 
respectively) in Eagle Farm. The daily maximum1-hour and 24-hour concentrations 
of NO2 show an inverse correlation with the daily 24-hour concentrations of O3 (rs= -
0.28 to -0.10) in two sites (Table 3). Table 4 shows the correlation between all 
compounds in both monitoring sites, from high to low successively: the daily 
24-hour PM10 (rs= 0.75); the daily maximum1-hour and 24-hour concentrations of 
O3 (rs= 0.61 and 0.62, respectively); and the daily maximum1-hour and 24-hour 
concentrations of NO2 (rs= 0.54 and 0.55, respectively). 
 
CONCLUSIONS 
 
Air quality has been measured in southeast Queensland since 1978. The present 
study determined the long term annual and seasonal trends of air pollution in two 
major monitoring sites of Brisbane. 
 
• There was no significant change in NO2 concentrations over recent years but more 
significant up-and-down features were observed in other periods at both sites; O3 
concentrations in Rocklea were usually lower than those at Eagle Farm but higher in 
recent years; PM10 concentrations have slightly decreased between 1994 and 1997, 
and changed little for recent years in Eagle Farm but wavily decreased in Rocklea. 
Between two monitoring sites, there appeared to be spatial variation for most air 
pollutants examined in this study, and most of these pollutants were only moderately 
correlated each other. 
 
• Daily 24-hour concentrations of PM10 wavily decreased from 38.7 to 15.6μg m-3 
during 1986~1999 in Rocklea and from 29.7 to 17.5μg m-3 during 1994~1997 in 
Eagle Farm, and then levelled off although there were fluctuations. 
 
• Daily 24-hour concentrations of NO2 and O3 were overall stable between 1980 and 
2003. The annual average daily maximum1-hour concentrations of NO2 and O3 
fluctuated from 15.5 to 31.8ppb and from 18.3 to 37.0ppb, respectively, during 
1980~2003. The variability for both NO2 and O3 was more obvious in Rocklea. 
 
• For seasonal distributions, PM10 and O3 levels were higher in spring; and NO2 
levels were higher in winter. 
 
• For all the target compounds, Rocklea recorded a substantially higher number of 
days with concentrations above the relevant daily maximum 1-hour or 24-hour 
standards compared to Eagle Farm. 
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Figure 1. The locations of Eagle Farm and Rocklea monitoring stations in 
Brisbane. 
 
 
 
Figure 2. Annual means of daily maximum 1-h or 24-h concentrations of NO2, 
O3 between 1980 and 2003, PM10 data available for Eagle Farm between 1994 
and 2003 and for Rocklea between 1986 and 2003. The line indicates trendline of 
three air pollutant concentrations. 
 
 
 
 
 
Figure 3. Seasonal (monthly) averages of daily maximum 1-h or 24-h mean levels 
measured for NO2, O3 and PM10 during the study period, for Eagle Farm (eag) 
and Rocklea (roc). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1. The R-Squared values of four regression models for two monitoring 
sites (Eag: Eagle Farm, Roc: Rocklea). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  4. Daily maximum 1-h NO2, O3 and daily 24-h PM10 mean levels during 
the study period. The broken line indicates the current air quality NEPM 
standard. 
 
 
 
 
 
 
 
 
Table 2. Frequency of days with NO2, O3 and PM10 concentrations exceeding 
max 1-h or 24-h standards at the two selected sites over observed periods. 
 
 
 
 
 
 
Table 3. Correlation (no. of observations) among daily air pollutant variables for 
two monitoring sites. 
 
 
 
 
 
 
 
 
 
Table 4. Correlation (no. of observations) between two monitoring sites for daily 
air pollutants. 
